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ABSTRACT
To attain scientific literacy, students need to learn sci-
ence-process and interdisciplinary skills in addition to the
traditional course content. Web sites that publish exten-
sive geoscience data sets can be tapped to develop active
inquiry exercises that mimic some of the tasks and thought
processes scientists use every day. One such activity uses
NOAA’s Live Access to Climate Data site to teach introduc-
tory oceanography students about temperature and salin-
ity variations and basic surface-water circulation. Another
uses NOAA’s EPIC Data Selection database to teach upper-level
students about vertical and horizontal distribution of heat,
salts, and nutrients, as well as thermohaline circulation. Both
exercises stress the interactions between the ocean and at-
mosphere on different spatial and temporal scales, plus the
flow of energy and matter between these subsystems. The
power of these exercises is that they convey more than ba-
sic course content. They are also designed to develop the
science-process skills, such as observing geologic phe-
nomena, inferring outcomes based on data, interpreting
the data to reach conclusions, predicting additional results
based on observed patterns, communicating ideas and re-
sults to others, and formulating hypotheses to explain pat-
terns and anomalies. As such, these exercises help
students learn to think like scientists.
Keywords: Education- computer assisted; education –
geoscience; education – graduate, education – undergradu-
ate; marine geology an d oceanography.
INTRODUCTION
Several recent reports on the state of education in the
United States have come to the conclusion that changes
are necessary to improve science education for all levels
from kindergarten through graduate school (AAAS, 1990;
NSF, 1996; Boyer Commission, 1996). The recommenda-
tions in these reports use a variety of phrases to describe
appropriate methods for improving science education.
These phrases include “active learning,” “inquiry-based
learning,” and “doing” science. Regardless of the terminol-
ogy applied, the primary thrust is that students need to be
active participants in their education, rather than merely
passive receivers.
One anticipated result of this new emphasis in education
is that it will produce “scientifically literate” students who will
become the next generation of citizens, voters, teachers, pol-
iticians, business professionals, and so forth. Saying stu-
dents are literate in science implies that they have learned
about the principles and procedures of science, as well as
the basic factual course content (Glynn and others, 1991),
and therefore have learned to use scientific techniques to
think critically about the natural world (AAAS, 1990; NSF,
1996). To accomplish this they must be taught to think like
scientists rather than being asked to simply learn a certain
amount of course material.
There are many different ways to “do” science, and
most only incorporate some aspect of the tasks scientists
perform everyday as part of a complete research program.
“Hands on” projects have become quite popular. Such
projects tend to emphasize the collection and analysis of a
limited data set. Opportunities are provided for students
to learn to design a project, set up controls, work together,
analyze their data, and possibly even present their results.
However, in most “hands on” projects the students are
asked to complete an experiment to answer a specific
question. In reality, as scientists our inquiry process usu-
ally starts by making observations, detecting patterns and
anomalies and trying to figure out how to explain those
patterns/anomalies.
The exercises presented in this paper are part of a
“minds on” (Glynn and others, 1991; Raloff, 1996) rather
than a “hands on” approach. As such, they complement
“hands on” activities and introduce the students to an-
other aspect of scientific inquiry. In particular, these exer-
cises ask students to analyze large sets of real data, to
evaluate the data critically, to observe patterns and anom-
alies, to make inferences and predictions based on the
data, to interpret the data, and to form testable hypotheses
to explain their observations. In other words, the focus be-
comes an exploration of the question rather than the answer.
One of the biggest obstacles to the use of “minds on”
exercises is the time required outside of the classroom to
identify the necessary databases and develop the exercises,
as well as the time required in the classroom to do the ex-
ercises. The World Wide Web (WWW) has dramatically
increased the accessibility of scientific data available for
classroom use. There are numerous publications listing
web sites that are useful for teaching (for example,
Schimmrich, 1993a, 1993b, 1996; Gore, 1997), but there are
surprisingly few that utilize data sets available on the WWW
to give students experience interpreting real-world,
geoscience data (Roof and Savoy, 1996; Sullivan and
Dilek, 1997; Saini-Eidukat, 1998). In this paper we describe
two web-based, “minds-on,” active-inquiry, oceano-
graphic exercises, one for a course for non-science majors
and one for an upper-level science-majors course. We ex-
plain how these exercises teach science-process skills as
well as oceanographic content and how they can be modi-
fied for use at different levels. Both exercises are presented
as entire in-class labs, but we discuss the fact that they can
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be adapted as take-home projects, or small portions can be
extracted for a 5-10 minute in-class activity.
COURSE GOALS
The goals of most science courses can be broken into con-
tent and skills goals. The content goals include a combina-
tion of 1) learning terminology so the students are able to
discuss the topics, and 2) developing an understanding of
the relevant concepts. Traditionally, the transfer of this
knowledge dominated course plans. However, there is a
growing awareness that science courses must start teach-
ing very broad science-process skills and more focused in-
terdisciplinary skills in addition to discipline-specific
content. The elementary curriculum project “Science – A
Process Approach” described a number of science process
skills that are summarized by Padilla (1991). The skills of
observing, inferring, analyzing, measuring, communicat-
ing, and classifying form the basis for more complex, inte-
grated skills such as controlling variables, formulating
hypotheses, interpreting data, and experimenting. Skills that
are more specific to the geosciences, yet still interdisciplinary,
include reading and making graphs, cross sections, and con-
tour maps, as well as making estimates and back-of-the en-
velope calculations.
The two oceanography exercises described here were
designed to maximize student opportunities to learn both
oceanographic content and broader science- process skills.
The science-process skills of measuring, controlling vari-
ables, and experimenting listed above are best taught
through “hands on ” activities, but the following exercises
cover almost all of the other skills in addition to conveying
course content and several of the more focused interdisci-
plinary skills. The description of these exercises includes
both a pre-lab and follow-up assignment. The assign-
ments are designed to get the students mentally prepared
for the upcoming class exercise, and subsequently to allow
them to apply the knowledge they have acquired. In the
cases where the exercises are modified to use in a class that
is not equipped with computers, pre-lab and follow-up as-
signments also grant the students an opportunity to work
directly with the computer databases.
EXERCISES
Exercise 1: Surface-water distribution of heat and sa-
linity (introductory level) - This exercise is designed to
precede lectures on ocean and atmosphere dynamics that
ultimately lead to a discussion of oceanic surface-water
circulation in an Introductory Oceanography course. The
exercise uses NOAA’s Live Access to Climate Data web site.
The World Ocean Atlas season mean data base from this
web site can produce contoured world maps of ocean tem-
perature, salinity and dissolved oxygen for any season,
and any depth in the ocean ranging from the surface to
5000 m. Because the lab rooms for our large lecture classes
are not equipped with computers, the students do not work
with the database during class time, instead maps are
printed out from the data and distributed to the class.
Pre-lab exercise - To start, each student is given two blank
maps of the oceans. They are asked to think about the ex-
pected distribution of heat in the surface ocean, then mark
one map illustrating the regions where they would expect
to find warm, cool, and cold surface waters, and draw
lines separating the three regions (Figure 1A). This is gen-
erally quite straightforward because everyone has a gen-
eral sense of the effect of latitude on climate; however, a
map of land surface temperatures can also be provided to
help stimulate the thought process.
On the second map they are asked to mark estimates
of regions with high and low salinity (Figure 1B). This is a
bit more complicated and generally requires additional
guidance. We have found it is effective to give the students
a map identifying the desert regions of the world on land
in the 30 degree latitude belts and the high rainfall regions
near the equator and poles. To make the final step be-
tween precipitation/evaporation and salinity, the stu-
dents are asked to think of the effect of placing a cup of
seawater under a heat lamp versus a dripping water tap.
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Figure 1. An example of a student’s perception of
the distribution of (A) surface temperatures, and
(B) salinity from the pre-lab exercise for Exercise 1.
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As a result of the pre-lab exercise, the students arrive in
class with maps showing generalized distributions of heat
and salt in the oceans, and with a basic understanding of
the fundamental controls on those properties. The specifics
of these distributions are covered in more detail during
subsequent class lectures.
In-class exercise - In class the students are given three
maps. The first is a contour map of seasonal
mean-sea-surface temperatures for February taken from the
NOAA database (Figure 2A). The second is the same map
for August with the contours removed for the Atlantic
Ocean and data points inserted in their place (Figure 2B).
The third map is a contour map of surface salinity (Figure
2C). The students are then asked to work in small groups to
address the following questions:
1) Find and highlight the 25 C and ( C contours on the
February temerature map. This seperates the warm,
cool, and cold surface-water regions. Write one sen-
tence comparing the results in a general sense to your
pre-lab predictions.
2) Repeat this process for the Pacific and Indian Ocean
portions of the February surface temperature mao.
Once you have a general sense of the winter surface
temperature pattern add the 25 C and 9 C contour
lines to the Atlantic, then complete the August contour
map using a two-degree contour interval.
3) Calculate the mean annual temperature difference
between summer and winter for the following loca-
tions: 50N, 175W; 60S, 20W; 30S, 85E; 35N, 155W; 10N,
30W; 5N, 85E. What is the seasonal temperature range
at the poles, temperate latitudes or the equator?
4) Estimate the typical winter/summer temperature
range for your home town in degrees centigrade. Also
make an estimate for Siberia. Is there a larger or smaller
seasonal temperature range over the oceans? Can you
think of a reason this might be?
5) Now make a more detailed comparison of your
pre-lab estimates and the contoured surface tempera-
ture maps. Are there places where your predictions do
not fit the data? In other words, are there places where
the general latitude control on temperature does not
Figure 2. The maps distributed for Exercise 1. (A) A
sea-surface temperature map in deg. C for Febru-
ary. (B) A sea surface temperature map in deg. C for
August. The contours have been removed from the
Atlantic portion of the map and replaced by data
points so the students can practice contouring. (C)
A sea surface salinity map in psu for August. The
students use these maps, which were modified
from images on NOAA’s Live Access to Climate
Data site, to compare their predictions with ob-
served temper ature and salinity distributions, to
calculate winter vs. summer sea surface tempera-
tures, and to identify anomalies.
prevail? These regions are referred to as anomalies. List
the locations of three regions that are anomalous.
6) One of the most pronounced surface-temperature
anomalies occurs off of Peru (~10S, 90W), particularly
for Southern Hemisphere winter (August). Pick one lo-
cation within this region and mark it with an X. Based
on the general contour trend, what temperature would
you predict at X? What is the actual average tempera-
ture at X? Summarize your results by determining
whether the water at X is anamalously warm or cold,
and approximately how many degrees it deviates from
expectations.
7) Where do you think the anamalous water comes
from? How could it have gotten there? (In other words,
in which direction is the water flowing in this region?)
8) The southeast coast of the US illustrates another
anomaly that is also easy identify on the August map.
Is the water in this region anomalously warm or cold?
What is the source of this water?
9) Using these anomalies, plus others you can pick out
on the map, draw as many arrows as you can to indi-
cate the directions of current flow in the North Pacific,
South Pacific, North Atlantic, and South Atlantic.
10) In a general sense, how do your predictions for sa-
linity match the salinity map? Therefore, what is the
dominant control on surface salinity in the ocean?
11) Find one area where the salinity patterns do not fol-
low your predictions. Describe that location, then pro-
pose one explanation for this anomaly. How would
you test your hypothesis?
Follow-up assignment - In many cases the students do not
complete the entire exercise during a class period, but
once they have gotten started they have little trouble com-
pleting the exercise on their own. Following the lab the
students are asked to write a paragraph comparing their pre-
dictions of surface ocean circulation in the Atlantic and Pa-
cific with the appropriate figure from their text, and to
briefly summarize surface ocean circulation. They are also
given instructions for accessing the web site and working
with the database. In order to give them some experience
with the data base and to get them thinking about an up-
coming topic, deep-ocean circulation, they are asked to de-
scribe the range in temperature and salinity observed at
2000m and 4000m, and to compare those values to the
range observed at the surface. They are also asked to com-
ment on one interesting observation they made from the
data set.
Goals of the exercise - The primary content goals of the
exercise are for the students to understand how and why
temperature and salinity vary in the surface waters of the
ocean. In addition, they also learn how the surface ocean
circulates and the consequences of that circulation on tem-
perature and salinity distributions. The exercise also pre-
pares them to learn about the ocean’s heat capacity and the
interactions between the ocean and atmosphere, such as El
Nino events.
In addition, the exercise covers a wide range of sci-
ence process skills. First, the students are asked to infer the
distribution of temperature and salinity based on their
knowledge of the distribution of heat and evaporation on
the Earth. They are asked to observe trends in the data and
then interpret the data to determine where there are
anomalies. They then make predictions about surface cir-
culation based on their observations. They also formulate
a hypothesis to explain the source of anomalously warm
or cold water, and the distribution of salinity anomalies, and
they devise a method to test their hypotheses. Finally, by
working in groups during the exercise and writing their
follow-up reports they work on their communication skills.
If teaching communication skills is a primary objective, the
students could also work on the exercise individually, then
break up into groups to discuss their results and present
their ideas to the class. In terms of more specific interdisci-
plinary skills, the students learn to work with longitude
and latitude, to read and construct contour maps, and to
estimate various quantities.
Modifications - Rather than using an entire class or lab pe-
riod to work through this exercise, small portions of the
exercise could be extracted and used for shorter in-class
activities. For example, the students could be given the
pre-lab exercise as homework, then they could be asked to
identify regions of anomalous temperature and come up
with an explanation for the anomalies as part of a five- to
ten-minute small-group activity that is then discussed with
the class at large. When less time is spent on the exercise,
obviously less is achieved in terms of content, but even
more is lost in terms of science- process skills.
The exercise can also be modified for an upper level or
graduate course by giving the students freedom to explore
the data set, and then asking them to describe the vertical
and horizontal distribution of temperature, salinity and ox-
ygen. However, at a more sophisticated level this informa-
tion can be better obtained by using a different data set, as
described below.
Exercise 2: Distributions of water properties and wa-
ter masses (upper level course) - This exercise is de-
signed to follow lectures or discussions on the distributions
of temperature, salinity, density, and nutrients in the oceans,
and the effect of these properties on the formation and
identification of water masses for an upper-level Oceans
and Climate or Marine Geology course. The data for the
exercise come from NOAA’s EPIC Data Selection data
base. This data base is a compilation of oceanic profiles of wa-
ter properties collected on numerous cruises from Scripps In-
stitution of Oceanography (Reid/Mantyla) and Pacific
Marine Environmental Laboratory (Rescue). The measured
properties vary from cruise to cruise, but all include tempera-
ture, salinity, and density, and many include nutrients as
well (phosphate, nitrate, silica, dissolved oxygen). Using
the EPIC interface the students can select the region of the
ocean they wish to explore, bring up profiles of selected
properties from stations within that region, and ultimately
even generate cross sections of profiles along a given
transect. It takes some practice to learn to maneuver
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around the database, but the amount of information avail-
able and the presentation of that information are very im-
pressive.
Pre-lab Exercise - The pre-exercise for this exercise is de-
signed to familiarize the students with the database, and
to get them thinking about the controls on deep water cir-
culation. The students are given detailed instructions for
generating ocean profiles using NOAA’s EPIC Data Selec-
tion database. They are asked to select and generate sev-
eral profiles of temperature, salinity and density from a
wide range of locations in the ocean (Figure 3). Then,
based on their observations and interpretations of these
profiles, they answer the following questions:
1) How do temperature, salinity, and density vary with
depth in the ocean?
2) What are the ranges for these properties at the sur-
face, at 500m, at 1000m, and at 4000m?
3) Does temperature or salinity play a greater role in
controlling density?
4) Print out one or two profiles that illustrate typical
variations in temperature, salinity, and density with
depth that you have described and bring them to class.
In-class exercise - We start the class by having the stu-
dents break-up into groups of three to four to discuss the
ideas generated by their pre-exercise, and to come to a
consensus on the horizontal and vertical distribution of
these properties in the ocean. In addition they are asked to
compare their results with the standard profiles of polar,
temperate and tropical thermoclines illustrated in most
introductory textbooks.
Following the discussion, each student sits down at a
computer. Now that they are generally familiar with the da-
tabase we walk them through the creation of one cross sec-
tion in the North Atlantic. This section is based on Atlantic
data from Reid/Mantyla that span from 60N to 5S, and
were collected from July 24 to August 25, 1982. Once these
sites are highlighted, they click on “make vertical section
plot using CTDFRGID,” and select plot intervals from 0 to
4000m. The students then generate cross sections for tem-
perature, salinity (Figure 4A), T, phosphate (Figure 4B),
nitrate, and silica. These images can be extracted and
printed for easier comparison. Based on these sections the
students are asked to address a number of questions to help
them interpret the data.
1) Name the water masses that are present on your
cross section using the T-S curves in Duxbury and
Duxbury (1984, fig. 6.16).
Figure 3. Examples of some of the ocean profiles that are available through NOAA’s EPIC Data Selection data-
base. Sites can be selected from all over the world’s oceans, and the properties that can be plotted include tem-
perature, salinity, density, dissolved oxygen, phosphate, nitrate, and silicate.
2) Calculate the density (T) for each of the water
masses using figure 6.26 in Ocean Circulation (Open
University, 1989).
3) Phosphate, nitrate, and silica are all regenerated by
the decay of biological material in the ocean, yet the dis-
tribution of silica is distinct from that of phosphate and
nitrate. Can you think of an explanation for the differ-
ences you observe?
4) At what depth do you find the “oldest” water that
has been away from the surface for the longest time?
How did you determine that?
5) Experiment with the database and find another
transect that illustrates some principle of ocean circula-
tion (the distribution of different water masses,
upwelling, high or low productivity zones, boundary
currents, El Nino, there are a lot of possibilities). Put to-
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Figure 4. Cross sections of (A) bottle salinity in psu and (B) phosphate from the North Atlantic that can be
generated using NOAA’s EPIC Data Selection database.
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gether the cross section that illustrates this principle,
then devise 3-4 questions that would help someone else
see and understand that principle.
6) As you worked with the database you are likely to
have noticed some data that do not fit the standard per-
ceptions of temperature, salinity, density or nutrient
distributions in the ocean, or of basic ocean circulation.
Find a profile or cross section that illustrates some
anomaly and print it out. Come up with a hypothesis to
explain the anomalous data, then plan a scientific ex-
periment to test that theory.
Follow-up assignment - The students are asked to use
oceanographic literature to try to verify or disprove their
hypothesis for the anomaly identified in number 6. They
write a one-page paper explaining the anomaly they ob-
served, their hypothesis, their experiment to test that hy-
pothesis, and the results of their literature search. They are
also asked to report on any alternative explanations they
found in the literature, and evaluate whether their hy-
pothesis or the literature explanation best accounts for the
anomaly.
Goals of the exercise - The content goals of the exercise
are for the students to learn how temperature, salinity, den-
sity, and nutrients are distributed horizontally and verti-
cally in the ocean, and how these properties are influenced
by the flow of energy and matter within and between sub-
systems of the Earth. In addition, they get a sense of how
the thermocline and mixed layer vary with latitude and
season, and how poorly these real variations correspond to
classic, textbook examples. They also learn how to distin-
guish water masses and get a sense of how the water
masses are distributed in the ocean.
In terms of science-process skills, this upper-level ex-
ercise focuses more on the integrated skills, rather than ba-
sic skills. At the more basic level the students make
observations of the vertical and horizontal distributions of
temperature, salinity, density, and nutrients, but these obser-
vations require that they synthesize a large amount of data
that is not presented in exactly the format they need to visu-
alize the distributions. Thus, even the basic skills require
more complex thought processes. Based on their observa-
tions they are asked to infer whether temperature or salin-
ity is the primary control on density. In addition, they need
to classify the different types of profiles they observe in or-
der to be able to reach general conclusions about distribu-
tions, and they classify water masses based on their
physical properties. In order to identify an anomaly in the
data they need to beable topredictwhat thepatternshouldbe
compared to what is observed. Finally, they practice com-
munication skills by working in groups to discuss the
pre-exercise, devising a series of questions to help someone
else understand a principle in ocean circulation, and writ-
ing up the follow-up assignment.
For integrated science-process skills, the students are
asked to interpret the data to determine why there are dif-
ferences in nutrient profiles, and to define water masses.
They formulate a hypothesis to explain an observed anom-
aly, and they design an experiment to test that hypothesis,
which brings into play the skills of experimentation and
controlling variables. In addition, they get exposure to sci-
entific literature during their efforts to verify their hypoth-
esis. The specific interdisciplinary goals are also more
complex. In particular, the students learn to read and gen-
erate profiles and cross sections.
Modifications - Again, small portions of the exercise can be
extracted to focus on a specific concept in class. For example,
the students could be given the North Atlantic cross sec-
tion, and simply asked to identify the water masses. As be-
fore, extracting parts of the exercise tends to focus the
learning process on the content skills at the expense of the
science process skills.
Although the database used is not easy to work with,
introductory courses could also use the data to illustrate
vertical distributions of ocean properties. In particular,
they could also study the variations in the thermocline
with location and season, and compare their results to
textbook examples. This provides an excellent example of
the over-simplification of many concepts in introductory
texts. Introductory students could also get a lesson in the
execution of science by being asked to identify the winter
profile at the highest latitude, and then to explain why there
are no winter profiles above ~60 degrees. Finally, they
could be asked to explain how practical controls on sam-
pling might affect our understanding of ocean processes.
Response - Although a few students experience some
frustration when working with the data, they generally
find the exercises a refreshing break from lectures. They
enjoy working with real data and express true satisfaction
when they discover evidence for principles previously dis-
cussed in class. Enhanced comprehension is also apparent
from test answers. For example, students in the lower level
courses have exhibited an impressive ability to conceptual-
ize and draw the temperature contours in the Eastern
Equatorial Pacific that would result from El Niño condi-
tions. Graduate- level students have demonstrated a more
concrete understanding of the relationships among nutri-
ents, water-mass age and transport, and have been able to
translate that knowledge into essay-exam answers about
the development of possible paleocirculation tracers.
SUMMARY
We have described two WWW-based “minds on,” or ac-
tive inquiry, exercises for oceanography that incorporate
advances in learning theory to promote genuine inquiry,
critical thinking and proficiency in written and oral com-
munication. The exercises represent one method for mod-
eling our efforts as scientists. As such, they offer an
opportunity to teach students to think like scientists rather
than simply to learn course content. Another way to state
this is that they are designed to increase scientific literacy
in all students. To achieve this goal, the exercises are struc-
tured to convey traditional content skills as well as broad
science skills and more focused interdisciplinary skills.
The goal of increased scientific literacy is important
for all students; therefore we have illustrated that this
technique can be applied to both introductory, non-sci-
ence-major and upper-level, science-major courses. For the
non-science majors, it is hoped that this type of exercise
will make their science courses more stimulating and more
interesting. By promoting science literacy, we feel these exer-
cises will make the general-education science requirements
more valuable for society, as well as for individual stu-
dents. For the science majors, these exercises accelerate
the process of learning to think like scientists.
The biggest drawbacks to the use of web-based
“minds on” exercises is the time required outside and inside
the classroom to prepare and execute them. By sharing exer-
cises that are already developed through the geoscience lit-
erature, as we are doing here, we can save each other the
effort of reinventing the wheel and help each other build up
a collection of “minds on” exercises. We would argue that
there is a high level of return for the time invested in these
exercises because the students not only gain an in-depth un-
derstanding of specific oceanographic principles, they also
gain a level of scientific literacy that will serve them into
the future, long after they have forgotten many of the
oceanographic principles they learned in the course.
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“Other and weaker things seem to express their subjection to an Infinite
power only by momentary terrors; as the weeds bow down before the
feverish wind. Not so to the mountains. They which at first seem
strengthened beyond the dread of any violence or change are yet also
ordained to bear upon them the symbol of a perpetual Fear: the tremor which
fades from the soft lake and gliding river is sealed, to all eternity, upon the
rock … the mountains are made to possess a perpetual memorial of their
infancy.”
- John Ruskin,
in: Simon Schama “Landscape and Memory”
